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The Wounding Response of Dormant Bamyar dgr ass (Echinochloa crus-galli) Seeds!

GERALD R LEATHER, SHI-JEAN SUNG, and MAYNARD G. HALE?

Abgtract. Induction of germination in dormant barnyard-
grass seeds by wounding was investigated. Previous
resear ch indicated that a volatile compound was emitted
during imbibition of wounded caryopses. When wounded
caryopseswer e submer ged in agar, total germination and
speed of ger minationwer estimulated, and thestimulation
was dependent upon the concentration of agar. A twofold
increase in germination occurred in 1% agar versus
water, and a fivefold increase with caryopses placed in
5% agar. When wounded caryopses wer e imbibed, there
was a fourfold increasein respiration over that of intact
caryopses after 1 h. Thisincreased rate of reSﬁiration of
wounded caryopses continued for 7 h, while there was a
gradual increase in respiration of intact caryopses.
Carbon dioxide induced intact dormant caryopses to
germinate but was not effective in stimulating ger mina-
tion of the seed (spikelet). High levels of abscisic acid
found in the hulls of dormant seeds may have prevented
the action of carbon dioxide. These results suggest that
increased respiration resulting from wounding provides
elevated levelsof carbon dioxidein themicr oenvironment
of the seed, thusstimulating ger mination. Removal of the
hullsis necessary for germination even in high levels of
carbon dioxide. Nomenclatur e: Bar nyar dgr ass, Echinock-
loa crus-galli (L.) Beauv. #3 ECHCG.

Additional index words, Carbon dioxide, germination,
abscisic acid, respiration, ECHCG.

INTRODUCTION

Dormant barnyardgrass seeds (spikelets) can be induced to
germinate by puncturing through the caryopsis coat into the
scutellum (13). Surgical cuts, including removal of a portion
of the endosperm, stimulated germination of barnyardgrass
caryopses; cuts made closer to the embryo were more
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effective (14). Similar results have been obtained with other
weed species, including wild oats (Avena fatua L. # AVEFA)
(3). These results (13, 14) and those of others (3, 9) suggested
that the limiting factor for germination was water uptake by
the embryo which was altered by puncturing the seed
(caryopsis) coat. However, we determined that this factor was
not a barrier such as an impermeable caryopses coat. We
proposed that the stimulatory effect of cutting the caryopses
of bamyardgrass was a physiological response to wounding
and possibly involved a volatile compound (14).

During the course of our investigations with barnyardgrass
seeds, we were searching for a germination medium to
provide anaerobic conditions and at the same time be able to
limit the available water for germination. We found that high
concentrations (3 to 5%) of agar in water was the desired
medium. However, when wounded barnyardgrass caryopses
were submerged in the agar, germination was increased (12).

The objective of these experiments was to determine the
effect(s) of agar on germination and to further elucidate the
mechanism of the wounding response in bamyardgrass seeds.

MATERIALS AND METHODS

Bamyardgrass seeds used in this research were obtained
from a single mother plant as described previously (13, 14).
Unless specified, all experiments were conducted using
dormant dehulled seeds ‘(caryopses).

Germination in agar. Bacto-agar* Was prepared in water at
concentrations of 1 to 5%, heated in a water bath, poured into
100- by 15-mm plastic petri dishes, and allowed to cool.
Bamyardgrass caryopses that had been wounded by cutting
away the apex portion of the endosperm with a razor blade at
half the distance to the scutellum (1/2 cut), or by cutting
adjacent to the scutelhun parallel to the embryo (cut
scutellum) (14), were immersed in the cooled agar. The plates
with lids were maintained in a germinator at alternating day/
night temperatures of 30/20 C, 86% RH, with 8-h photoperi-
ods (18.8 pE m2 s1), Germination was scored each day at
the same hour for 7 d. Each treatment contained 25 caryopses
and was replicated four times. The germination index (GI)®
was calculated according to the method of Timson (16),
whereby germination percentage was summed () daily. A
higher index value indicateS greater speed of germination.
Respiration. Respiration was determined using a differential
respirometer. Twenty-five intact or 25 wounded (cut scutel-
lum) ciuyopses were placed in 15-ml respirometer flasks with
1 ml of water as the incubation medium. Six flasks, three
with intact caryopses and three with wounded caryopses
contained 0.2 ml of a 10% solution of KOH in the center
well. To facilitate CO, absorption, a fluted piece Of filter
paper was immersed into the KOH well. Six additional flasks
were established in like manner but without KOH. Two flasks
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containing water and with KOH in wells served as blanks.
The water bath was maintained at 28 C, and the flasks were
alowed to equilibrate for 0.5 h before the first manometer
reading. Manometers were read at 0.5-h intervals for 7 h (the
first visible indication of germination occurs at 8 h after the
beginning of imbibition), and respiration quantified as ul Oy
h1 (25 caryopses)~1.
Germination in gaseous atmosphere. Bamyardgrass ger-
minates well under both anaerobic and aerobic atmospheres
(6). To have constant atmospheres, these studies were
performed with the caryopses under anaerobic conditions.
Twenty-five dormant caryopses were placed in 40-ml gas
collection vias with 2 ml digtilled water. The vials were
sedled with serum caps and flushed with Ny (99.9% purity)
for 5 min via a 23-gauge needle; a second needle served as
the exit port. Different percentages of CO, were obtained by
first removing the required amount of gas from the via with a
needle and syringe and then replacing with the same amount
of CO4. For 100% CO4, the flasks were flushed for 5 min as
previously described. Flasks containing the caryopses were
incubated in a germinator as described above. Getmination
was scored each day at the same hour for 14 d. Emergence of
the radicle was the criterion for germination. Each treatment
was replicated three times.
Abscisic acid analysis. Abscisic acid (ABA)5 was extracted
and analyzed qualitatively by high-performance liquid chro-
matography (HPLC)? as described by Tho et al. (15).
ABA was quantified using a Phytodetek -ABA enzyme
immunoassay®. All extraction and assay procedures were
performed in a Venetian blind-darkened laboratory to prevent
isomerization Of the ABA.
Germination with ABA and CO,. Twenty-five dormant
caryopses were placed in 40-ml glass collection vials with 2
ml ABA solution at concentrations of 0, 1, 10, or 100 uM,
sealed, and flushed with Ny(=) or CO(+). After 48 h, vials
containing CO were flushed with Ny, All treatments were
replicated three times.

All experiments were repeated at least once, the results
combined, and the data analyzed by the Student’s t-test or
analysis of variance.

RESULTS AND DISCUSSION

Germination in agar. As the concentration of agar was
increased, germination (total % and speed) of the wounded
dormant caryopses immersed in agar increased (Figures |3,
Ib). Intact caryopses placed in the higher concentrations of
agar aso germinated (data not shown). Germination experi-
ments with polysaccharides, calcium ions, gibberellic acid (all
components of agar), altered pH, or surfactants did not
stimulate germination of the dormant caryopses (data not
shown). Previous research, including effects of air space
volume on germination, suggested that a volatile compound
other than ethylene may be involved in the wounding
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response (14). Because of the physical nature of hydrated
agar, we concluded that perhaps a greater quantity of an
uncharacterized gaseous compound was being retained in the
microenvironment of the caryopsis as the concentration, and
thus the cross-linking, of hydrated agar increased.

Respiration. Response of plant tissue to wounding is
production of ethylene in some and an increase in respiration
by most (1, 5 17). These responses were at first considered
unlikely in this case because wounding of the dry caryopsis
(< 12% moisture) followed by freezing at -20 C, further
drying a 50 C, incubating in a moist 4 C atmosphere for
extended periods (6 wk), or other preimbibition manipula-
tions, failed to dter the stimulatory effects of wounding (data
not shown). We reasoned that if a volatile compound was
emitted, it should dissipate to a level of little consequence by
the time of imbibition. 1t has been reported (5) that the
healing processes in wounded plant tissues require the energy
produced.| by increased respiration. since dry seeds respire
only at very low levels, we considered that the wounding
response occurred only after imbibition of water.

Within the first hour of imbibition, there was a burst of

respiration, determined by O, uptake, that was 4-fold greater
in the wounded bamyardgrass caryopses than in the intact
caryopses (Figure 2). Rate of respiration of the wounded
caryopses remained higher throughout the imbibition phases,
although the intact caryopses showed a steady increase in
respiration rate (Figure 2). When the caryopses remained in
the respirometer for a total of 24 h: there was an increase in
the rate of respiration of the wounded catyopses beginning at
8 hin the vias that did not contain KOH in the center well;
respiration of intact caryopses aso increased in vids that did
not contain KOH; all wounded caryopses in vias without
KOH were germinated at 24 h, and the intact caryopses under
the same conditions were beginning to germinate; and intact
or wounded caryopses in vials with KOH did not germinate
(data not shown). The increase in respiration at 8 h would be
expected since this hag been observed with other seeds during
radicle emergence (7, 8). The significant observation was that
germination occurred only in the vias without KOH that
accumul ated respiratory COs,
Germination in gaseous atmosphere. Carbon dioxide has
been shown to stimulate the germination of a number of seeds
(2, 4), and its level in soil is important in the germination of
many weed seeds (2). Intact dormant barnyardgrass caryopses
were induced to germinate in COy atmospheres (Figure 3).
The germination delay observed at higher concentrations may
be due to inhibition of radicle growth and not the germination.
process which we define as occurring prior to radicle
protrusion through the seed (in these experiments, the
caryopsis) coat (8). We found that the greater germination
occurred in vitro if CO, was only present for 48 h after the
beginning of imbibition (Figure 4).

It appeared that CO, was involved in the wounding
response and that it was necessary for bresking dormancy in
this species. However, when COy was applied to intact
dormant spikelets, no germination occurred even a optimum
CO, levels and conditions (100% CO, for 48 h) that were
required for the germination of caryopses. Dormant spikelets
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can be induced to germinate by puncturing through the hulls
and caryopsis coa (13), and we conclude from the results
reported here that respiratory and applied CO, aso breaks
dormancy and induces germination.

Abscisic acid. In order to determine why €O, faled to
induce germination in intact spikelets, ABA levels in glumes,
palea, and lemma, and caryoPs& of dormant and afterripened
spikelets were determined. All of the tissues contained ABA
but the greater concentration was found in hulls of dormant
spikelets. Extractable ABA averaged 0.49 picomoles g1 from
the hulls (glumes, palea, and lemma) of dormant spikelets and
0.003 picomoles g™* from the hulls of after-ripened spikelets.
These data suggest that ABA is dso involved in the
dormancy of this species and probably inhibits germination
until it 1s logt through afterripening (leeching under fidd
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Figure 2. Respiration Of intact and wounded barnyardgrass caryopses dnn‘;f
7 h of imbibition, Bars with a “#” indicate the value for the wound
caryopses are significantly greater than the intact caryopses for the time
indicated. Significance determined by ANOVA at P = 0.05.

conditions) or removal of the hulls. When dormant bamyard-
grass caryopses were imbibed with solutions of ABA in CO,
or N, atmospheres, CO, did not directly overcome ABA
inhibition of cermination (Table 1). However, ABA log its
ability to inhibit germination a exogenous concentrations
below 10 pM.

Germination [defined as the physica and biochemicd
events which result in the find thrust of the radicle through
the testa (8)] in dormant barnyardgrass seeds can be
overcome by puncturing (wounding). Wounding results in
Qregter respiration during imbibition, and the CO, produced
acts in some way to Increase water uptake necessary for
radicle elongation (3, 9). ABA, which may block the osmotic
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Figure 3. Germination Of barnyardgrass caryopses under 25, SO, 75, or 100%
carbondioxidefor 14d.
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Figure 4. Germination of barnyardgrass caryopscs imbibed for 0, 24, 48, or
72 h under 100% carbon dioxide. Values at day 7 with the same letter are not
significantly different at P = 0.05 by nonoverlapping confidence limits
according {0 the Student’s t-ted.

Table 1. Germination of barnyardgrass caryopses as influenced by abscisic acid
and carbon dioxide®.

Germination
ABA Co° 2 day 4 day 7 day
nM %
0 00¢c 6.7 c 10.7 be
0 + 0.0c 707 b 840 a
1 - 40 c 100 c 154 b
1 + 166 b 8.3 b 906 a
10 13¢ 133 ¢ 133 bc
10 + 00c 120 c 187b
100 0.0c 00c 13 bc
100 + 00c 00c 0.0c

*Values for each day followed by the same letter are not significantly
different at P = .05, as determined by nonoverlapping confidence limits
according to the Student’s t-test.

bCarbon dioxide (100%) was present during the first 48 h of imbibition in
treatments indicated with “+”.

mobilization of water (10).or the reorientation of the cell wall
components of the radicle (11), does not allow germination of
barnyardgrass seeds to proceed even with high levels of COa.
Although we have no direct evidence; we suggest that
puncturing the spikelet of bamyardgrass allows free flow of
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water into the embryo, and that respiratory CQj enhances
water uptake in the radicle cells through some biochemical
pathway that leads to a decrease of water potential in these
cells (7, 8). Experiments designed to test this hypothesis are
in progress.

LITERATURE CITED

1. Abeles, F. B. 1973. Ethylene in Plant Biology. Academic Press, New
York.

2. Egley, G. H. and S. 0. Duke. 1985. Physiology of weed seed
and germination, Pages 27-64 in S. 0. Duke, cd. Weed Physiology.
Vol. 1. Reproduction and Ecophysiology. CRC Press, Boca Raton, FL.

3. Hsao, A. |, G. |. McIntyre, and J. A. Hanes. 1983, Seed dormancy in
Avena fa:ua |. Induction of germination by mechanical injury. Bot.
Gas. 144:217-222.

4. Jones, J. F. and M. A. Hall. 1979. Studies on the requirement for
carbon dioxide and ethylene for germination of Sperqula arvensis
seeds. Plant Sci. Lett. 16:87-93.

5. Kahl, G. 1978. The Biochemistry of Wounded Plant Tissues. de
Gruyter, Berlin,

6. Kennedy, R A, SCH. Barrett, D. VanderZee, and M. E. Rumpho.
1980, Germination and seedling growth under anwobxc conditions in
Echinochloa crus-galli (barnyardgrass). Plant Cell Environ. 3:243-248.

7. Koller, D. and A. , 1982. Water relations in the germination of
seeds. Pages 401-433 in 1 Lange, P. S. Nobel, C. B. Osmond, and H.
Zicgler, eds. Physiological Plant Ecology | 1. Springer-Verlag. Betlin,

8. uather G R 1987. The seedgemnnanon process. Pages 1-4 in G. H.
Frasier and R. A. Evans, eds. Seed and Seedbed Ecology of Rangeland
Plants. Proc. Symp., USDA-ARS, June 1987.

9. Mclntyre, G. |. and A. L Hsiao, 1985. Seed dormancy in Avena fatua.
I Evidence of embryo water content as a limiting factor. Bot. Gaz.
146:347-352.

10. Schopfer, P. and C. Plachy, 1984. Control of sad germination by
abscisic acid. 1. Effect on embryo water uptake in Brassica napus L
Plant Physiol. 76:155-160.

11. Schopfer, P. and c. Plachy, 1985. Control of seed germination by
abscisic acid. IT. Effect of embryo growth potential (minimum turgor
pressure) and growth coefficient (cdl wall extensibility) in Brassica
napus L Plant Physiol. 77:676-686.

12. Sung, S. S, G. R Leather, and M. G. Hale. 1984, Agarmcream
bamyardgrass {Echinochloa crus-galh (L) Beauv.] seed germination.

Weed Sci. Soc. Am. Abstt, No. 164. Page 63.

13. Sung, SJ. S, G. R Leather, and M. G. Hale. 1987. Development and
germination of bamyardgrass (Echinochloa crus-galli) seeds. Weed
Sci.  35:211-215.

14. Sung, S-J. 8., G. R Leather, and M. G. Hale. 1987. Induction of
germination in dormant barnvgrderpss (Echinochloa crus-galli) seeds
by . Weed Sci. 35:753-757.

15. Thompson, L K., G.R Leather, and M. G. Hale. 1984. Abscisic acid
and sucrose control of velvetleaf (Abutilon theophrasti) ovule
development in vitro. Weed Sci, 32:798-801.

16. Timson, J. 1965. New method of recording germination data. Nature
207:216-217.

17. Yang, S. F.and H. K, Pratt. 1978. The phvsoloqv of ethylene in
wounded plant tissues. Pages 595-622 in G. Kabhl, ed. Biochemistry of
wounded Plant Tii. de Gruyter, Betlin,

203




